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Muti-scale Structure and Dynamics of the Solar Atmosphere

63D Realistic Modeling of the Solar Dynamics 
Modeling the Solar Corona to Study Sources of Space Weather Disturbances
ü 3D rectangular geometry
ü Fully conservative compressible
ü Fully coupled radiation solver:
² LTE using 4 opacity-distribution-function bins
² Ray-tracing transport by Feautrier method
² 18 rays (2 vertical, 16 slanted) angular 
quadrature
ü Non-ideal (tabular) EOS
ü 4th order Padé spatial derivatives
ü 4th order Runge-Kutta in time
ü Different Turbulence models
StellarBox code (Wray et al. 2018)
3D realistic modeling of the solar dynamics
Jets and eruptions
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Spectral lines and observables 
Acoustic waves excitation Magnetic structures formation
Small-scale dynamo
Self-organization 
processes in magnetic field Corona
Kitiashvili et al., 2009-2019
Mean Structure of the Solar Atmosphere
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Distributions of 
temperature, vertical 
velocity, and magnetic 
field in a quiet Sun 
region at five heights 
above the photosphere. 
A self-organized funnel-
like coronal structure is 
in the middle of the 
domain.
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Coronal Heating by Shocks and Small-Scale Electric Currents
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Temporal variations of the gas pressure inside (cold colors) and 
outside (warm colors) the funnel structure at a height of 6Mm
above the photosphere. 
Enstrophy transport from the transition zone to the corona
# Eruption Enstrophy transport 
speed, km/s
1 16 110
2 16 76
3 30 79
4 35 115

Interaction of the subsurface layers and atmosphere
Synthetic AIA emission in four channels calculated with the full numerical
resolution (25 km), and for two views at the disc center
Credit: V. Sadykov
Lemen et al., 2012
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Temperature response functions for the six 
EUV channels 
Machine-Learning analysis of synthetic observations 
Clustering analysis of the synthetic observations for MgII line
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Synthetic AIA emission in four channels calculated with the full numerical
and instrumental resolutions at the disc center
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Synthetic AIA emission 
in four channels 
calculated with the full 
numerical
resolution at the solar 
limb
Credit: V. Sadykov
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Realistic 3D simulations on NASA Supercomputing systems help us to resolve
the mystery of coronal energy sources and build reliable forecasts of high-
energy solar radiation and particle fluxes.
